Abstract. Kuwait possesses a potential of renewable energy, such as solar and wind energy. Wind energy is an alternative clean energy source compared to fossil fuel, which pollute the lower layer of the atmosphere. In this study, statistical methods are used to analyze the wind speed data at Mubarak port (at Bubiyan Island), Failaka Island and Um-AlMaradim Island; which are located respectively in the north, mid and south of Kuwait territorial waters. Wind speed is the most important parameter in the design and study of wind energy conversion systems. The wind speed data were obtained from the Costal Information System Database (CIS) at Kuwait Institute for Scientific Research [1, 2 and 3]over a thirty seven years period, 1979 to 2015. In the present study, the wind energy potential of the locations was statistically analyzed based on wind speed data, over a period of thirty seven years. The probability distributions are derived from the wind data and their distributional parameters are identified. Two probability density functions are fitted to the probability distributions on a yearly basis. The wind energy potential of the locations was studied based on the Weibull and the Rayleigh models.
Introduction
Increasing negative effects of fossil fuel combustion on the environment in addition to its limited stock have forced many countries to explore and change to environmentally friendly alternatives that are renewable to sustain the increasing energy demand. Changing to renewable sources and the implementation of effective conservation measures would ensure sustainability. Alternatives to conventional energy sources, especially the renewable ones, are becoming increasingly attractive because of the limited fossil fuel reserves and the adverse effects associated with their use. Some of renewable energy resources are solar and wind. All these renewable energy resources are abundant in Kuwait [4 and 5] . If these resources are well harnessed, they can provide complete security of energy supply. Currently, the wind energy is one of the fastest developing renewable energy source technologies across the globe. Wind energy is an alternative clean energy source compared to fossil fuel, which pollute the lower layer of the atmosphere. It has the advantage of being suitable to be used locally in rural and remote areas. The increasing demand for energy supply coupled with limited energy resources creates an urgency to find new solutions for this energy shortage. Nowadays, wind analysis gives remarkable information to researchers involved in renewable energy studies. Knowledge of the statistical properties of the wind speed is essential for predicting the energy output of a wind energy conversion system. Because of the high variability in space and time of wind energy, it is important to verify that the analyzing method used for the wind data will yield the estimated energy of the wind speed distribution. One of the wind characteristics, is of great importance not only for structural and environmental design and analysis, but also for the assessment of the wind energy potential and the performance of wind energy conversion system as well. Over the last two decades many researches have been devoted to develop an adequate statistical model to describe wind speed frequency distribution. The Weibull, Rayleigh and Lognormal functions are commonly used for fitting the measured wind speed probability distribution [6] . The aim of the present work is to evaluate the potentiality of wind energy at the following locations shown in figure 1:
 
Methodology and Analysis
Frequency distribution of wind speed: The wind speed probability density distributions and their functional forms represent the major aspects in wind related literature. Their use includes a wide range of applications, including identifying the parameters of the distribution functions and analyzing the wind speed data as well as wind energy. The wind speed distribution can be determined by dividing the wind speed domain into a number of intervals, mostly of equal width of 1 m/s. The suitable statistical analysis, of the wind speed data in time series format were transformed into frequency distribution format. Based on the wind speed classes, the frequency distribution of the wind speed was established and shown by the Table 1 . The wind speed frequency of occurrence of each speed class ( ) can found by the following:
( ) = (1) Where , the mean wind speeds calculated for each speed class intervals.
the frequency of occurrence of each speed class the total data occurrence of each class (12 number of month in a year).
Two of the commonly used functions for fitting a measured wind speed probability distribution in a given location over a certain period of time are the Weibull and Rayleigh distributions [7 and 8] . The probability density function of the Weibull distribution is given as follows:
Here, ( ) is the probability of observing wind speed ; c is the Weibull scaling parameter and k is the dimensionless Weibull shape parameter. The corresponding cumulative probability function of the Weibull distribution is given by:
The Rayleigh distribution is a special case of the Weibull distribution in which the shape parameter k takes the value 2.0. From equation 1 the probability density function for the Rayleigh distribution can be simplified as following:
The mean value and standard deviation of the Weibull distribution [9] can be computed as:
(6) Where ¬ is the gamma function.
Wind speed variation with height: Wind speed near the ground changes with height. This requires an equation that predicts the wind speed at one height in terms of the measured speed at another. The most common expression for the variation of wind speed with height is the power law [10] having the following form:
Where 1 and 2 are the mean wind speeds at heights ℎ 1 and ℎ 2 , respectively. The exponent ∝ depends on factors such as surface roughness and atmospheric stability definitions according to the [European Wind Atlas, WASP]. Numerically, it lies in the range 0.0-0.5, with the most frequently adopted value being 0.5 which is applicable to low surfaces and well exposed will used a roughness length 0.0024. Where equation 6 can be written as follows:
Where r is Roughness Length (m), 2 wind speeds at selected ground level ℎ 2 .
The wind speed at a certain height above ground level is
The fact that the wind profile is twisted towards a lower speed as we move closer to ground level is usually called wind shear. Wind shear may also be important when designing wind turbines.
Wind Power density function: It is well known that the power of the wind at speed through a wind turbines blade sweep area ( ) increases as the cube of its velocity and can be calculated as follows [2 and 11] :
Where is the mean air density (1.225 3 at average atmospheric pressure at sea level and at 15° C). The expected monthly or annual wind power density per unit area of a site based on a Weibull probability density function can be expressed as follows:
To calculate Weibull shape parameter or factor ( ) is by iteration method by using maximum likelihood method as the following:
Where is the Weibull scale parameter (m/s), and is given by: The two significant parameters and are closely related to the mean value of the wind speed [12] . By extracting from Equation [12] and , the power density for the Rayleigh model can be found by [13] :
(13) Errors in calculating the power densities using the distributions in comparison to values of the probability density distributions derived from measured values can be found by the following:
where , is the mean power density calculated from either the Weibull or Rayleigh function used in the calculation of the error and , is the wind power density for the probability density distribution, derived from measured values which serves as 'the reference mean power density'. And can be calculated from the following [13] :
(15) The yearly average error value in calculating the power density using the Weibull function is given by the following:
The statistical analysis of the distributions: The square of the correlation coefficient (
2 ), chi-square ( 2 ) and root mean square error analysis (RMSE) are used to evaluate the performances of the Weibull and Rayleigh distributions [6] . These parameters can be calculated as follows:
Where is the measured data, is the mean value, is the predicted data with the Weibull or Rayleigh distribution, is the number of observations and is the number of constants. Therefore, the distribution function can be selected according to the highest value of 2 and the lowest values of RMSE and 2 .
Discussion and Results
Data for wind speed used in the present calculations were obtained during the period 1979-2015 from the Coastal Information system Database at KISR [1, 2 and 3] . The wind data used were numerically predicted and validated with Kuwait Airport data [2 and 14] and the three locations in the study were positioned in open spaces free of obstacles at a height of 30m above the ground. Wind speeds stored and averaged over one hour in the database. The main results obtained from the present study can be summarized as follows.
The Monthly mean wind speed values at 30m height and the standard deviations calculated from the available data for period of 37 years as shown in Table 1 .97 m/s occurs in October. To construct the wind speed probability distributions we need to determine frequency distribution of the wind speed, we must first divide the wind speed domain into a number of intervals, mostly of equal width of 1 m/s. As a result, for a suitable statistical analysis, the wind speed data in time series format were transformed into monthly frequency distribution format. Based on the wind speed bins, the frequency distribution of the wind speed data was established for the three selected location and shown by Tables 2,3 and 4. As the tables indicates, the trends of the monthly means for the different years are similar for all selected locations.
The variation of wind velocity is often described using the Weibull two-parameter density function. This is a statistical method which is widely accepted for evaluating local wind load probabilities and considered as a standard approach. The Weibull shape function and scale factor parameters are calculated analytically from the available data are presented as a mean values in Table 5 for Bubiyan Island, Failaka Island and for Umm AlMaradim. As shown, the scale parameter for the selected locations varies over the whole period In order to observe the Weibull distribution of the three selected location, the Weibull probability density distributions for each of the 37 years were analyzed. The distributions obtained for the three locations are illustrated in figure 2 which represents Bubiyan island, Failaka Island and Umm AlMaradim Island respectively. It can be seen that the distributions for the three locations are similar for the 37 years period and represents a maximum peak at wind speed of about 4.0 m/s. The Rayleigh approximations of the actual probability density distribution of wind speeds for the period for the three selected location are shown in the same figure. A comparison of the actual probability distribution of wind speeds derived from CIS database with Weibull and Rayleigh approximations for whole year presented in Table 6 for Bubiyan, Failaka and Umm AlMaradim islands respectively. It can be seen that the distributions for the three locations are similar for the 37 years period. The parameters for the statistical analysis correlation coefficient 2 , the root mean square error, , and Chi-square error 2 , are given in Table 7 for the three selected locations. As it can be seen in Table 7 the value of correlation coefficient for Weibull is higher than the Rayleigh. The correlation coefficient values range from 0.6223 to 0.509 for the Weibull distribution, and Rayleigh distributions from 0.31 to 0.13 for the three selected location. However, the results have shown that the RMSE and 2 values of the Weibull distribution are lower than the values obtained by the Rayleigh distribution for the three selected location. As result, the Weibull approximation is found to be the most accurate distribution according to the lower values of RMSE and higher 2 . The frequency of wind power densities calculated from CIS database probability distributions are shown in figures 3, 4 and 5 and Tables 8, 9 and 10 for the three selected locations. The power density shows in percent of Frequency. The average power densities occur at each location as follows:
 For Bubiyan Island the highest yearly power density ranges of 150 / 2 for frequency of occurrences about 36% and a cumulative WPD of 66%.  For Failaka Island the highest yearly power density range of 150 to 200 / 2 for frequency of occurrences about 32% and cumulative WPD of 58%.
 For Umm AlMaradim Island the highest yearly power density ranges of 150 to 200 / 2 for frequency of occurrences about 29% and cumulative WPD of 55%. Design performance from a wind turbine, the wind speed at the three selected locations is the most important factor in how well a wind turbine performs for the amount of wind that's available. It's of little use installing a large turbine in an area which only receives a light breeze and likewise, it's a waste to install a smaller system on a site which could easily allow for greater power generation. The design performance should follow important factors as follows:
 A turbine's cut-in and cut-out speed are determined by the manufacturer to protect the turbine from damage. The cut-in speed is simple; it's the point at which the turbine starts generating electricity from turning. The cut-out point is more important, and denotes how fast the turbine can go before wind speeds get so fast that it risks damage.  Rated peak speed -that is, a wind speed at which its return the optimal amount of power. Figure 3 , 4 and 5 are shows the design performance factors for a wind turbine at the three selected location. The cut-in speed which is at about 3 m/s and the cut-out will be at about more the 10 m/s and the peek speed for optimal of power generation 5-6 m/s at wind power 175 / 2 . 
CONCLUSIONS
The objective of this study was to investigate the potential of wind energy resource in Mubarak Port area at Bubiyan island, Failaka Failaka Island and Umm AlMaradim Island in Kuwait. For this purpose, wind speed data obtained from the Costal Information System (CIS) database at the Kuwait institute for Scientific Research (KISR) were analyzed over a 37 years period from 1979 to 2015. The probability density distributions and power density were derived from the time series data. Weibull and Rayleigh probability density function have been fitted to the wind speed and the wind power density was evaluated. The most important outcomes of the study can be summarized as follows:
 The predicted average annual peak wind power density for Bubiyan Island, Failaka
Island and a Umm AlMaradim Island are 150, 175 and 175 / 2 , respectively. These peak wind power is available for about 36%, 32% and 29% of the year for these locations.  For Boubyan, Failaka and Umm Al-Maradim Islands, wind power exceeds 150 w/m 2 for 33.6%, 42.3% and 56.5% in a year respectively The Weibull distribution is better than the Rayleigh distribution for the monthly probability density distribution for the whole years. All the three sites fall under wind power class 2 (As per Pacific Northwest Laboratory (PNL) classification), since the wind power density values are more than 100 / 2 . Hence all these three sites are ideal for grid-connected applications. 
Cut-IN

